(19) 



J 



(12) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevete (11) EP 1 094 690 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

2S.04.2001 Bulletin 2001/t7 

(21) Application number: 00120356.1 

(22) Date of filing: 16X19^00 



(51) Intel/: H05B 41/36. H05B 41/42 



I 



PH ^ 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES R FR GB GR IE IT U LU 
MC NL PT SE 

Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 21.10,1999 JP 30025099 

22,05.2000 JP 2000150680 

(71) Applicant: 

MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. 
Kadoma-shl, Osalca 571-8501 (JP) 




(72) Inventors: 

• Ohkubo» KazuakI 
Takatsukl-shU Osaka 569-1142 (JP) 

• Tanabe, Yoshlnori 
HIrakata-shi, Osaka 573^0164 (JP) 

« Shimizu, Masanori 
Kyotanabe-shi, Kyoto 610-0331 (JP) 

• Arakawa, Takeshi 
Kyoto-sfii, Kyoto 603-8126 (JP) 

(74) Representative: 

Kugele, Bernhard et al 
NOVAPAT INTERNATIONAL SA* 
9, Rue du Valals 
1202 Geneve (CH) 



(54) Fluorescent lamp 

(57) A fluorescent lamp is capable of easily achiev- 
ing a reduction of power consunnption only by being 
mounted on a conventional lighting apparatus, whether 
or not the lighting apparatus has a dimming function. 
The fluorescent lamp IncJudes an arc tube; and a cur- 
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termined time after the power Is turned on, and during 
an operation of the fluorescent lamp. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 , FIELD OF THE INVENTION: 

{0001] The present Invention relates to a reduced power consumption fluorescent lamp. 
2, DESCRIPTION OF THE RELATED ART: 

10 

[0002] In recent years, many efforts have been devoted in almost all fields of human activity so as to save energy 
in view of the problems of global warming or efficient use of energy resources. Regarding the lifting by fluorescent 
lamps, the power consumption has been reduced by employing inverter electronic circuits for Ignition circuits. Conven- 
tional fluorescent lamps do not intrinsically have any power-saving functions, and the following two methods have been 
15 used to achieve a power saving in fluorescent lamp lighting ^paratuses: i.e., (1) partial operation by turning off some 
of the lamps used; and (2) use of a lighting apparatus having a dimming function. These two conventional techniques 
will now be explained, 

(1) Partial operation by turning off some of the lamps 

20 

[0003] For lighting public areas and aisles in a nrtulti-unit housing, e.g., an apartment building, or in places where a 
large number of fluorescent lamps are used, such as in offices, factories, and warehouses, fluorescent lamp appara- 
fuses having a magnetic ballast are used in large numbers since they are relatively cheap. The fluorescent lamps used 
for these establishments do not have a power-reduction function by itself, and therefore the lamps are turned off when 
25 or where they are not needed, or partially operated by turning off some of the lamiDS. 

(2) Use of a lighting apparatus having a dimming function 

[0004] By using a fluorescent lamp lighting apparatus having a dimming function, the operating power for the fluo- 

30 rescent tamp is directly suppressed, thereby operating the lamp with a reduced power. 

[0005] The method (1 ), i.e., partial operation by turning off some of the lamps, can be implemented easily without 
requiring any additional Investment in equipment for, e.g., replacing the existing lighting apparatuses by ones consum- 
ing a reduced power. Although this method achieves some control over the degree of power saving, the partial absence 
of the lighting creates a problem of gloomy atmosphere due to the uneven luminance or a problem of increased danger 

35 due to the insufficient Illumination. 

[0006] The method (2), I.e., use of a lighting apparatus having a dimming function, can only achieve a power reduc- 
tion by replacing the aforementioned prevailing inexpensive lighting apparatuses, i.e., lighting apparatuses without a 
dimming function, by expensive fluorescent lighting apparatuses having a dimming function. 

40 SUMMARY OF THE INVENTION 

[0007] In one aspect of the Invention, a fluorescent lamp, includes: a first electrode pin; a second electrode pin; and 
a filament electrically connected to the first electrode ptn and the second electrode pin, wherein: the first electrode pin 
and the second electrode pin are configured so as to be respectively connectable to a power supply-side socket and a 

45 starter-side socket of a lighting apparatus, when the fluorescent lamp is in a first connection state, In whrch the first elec- 
trode pin is connected to the power supply-side socket and the second electrode pin is connected to the starter-side 
socket, the fluorescent lamp operates in a first power mode, in which the fluorescent lamp consumes a first power: and 
when the fluorescent lamp Is in a second connection state, the first electrode pin is connected to the starter-side socket 
and the second electrode pin is connected to the power supply-side socket, the fluorescent lamp operates in a second 

so power mode, in which the fluorescent lamp consumes a second power which is lower than the first power. 

[0008] In one embodiment of the invention, a fluorescent lamp further includes a current suppressing circuit elec- 
trically connected to one of the first electrode pin and the second electrode pin. 

[0009] In another embodiment of the invention, a fluorescent lamp further includes a first current suppressing circuit 
electrically connected to ^e first electrode pin and a second current suppressing circuit electrically connected to the 
55 second electrode pin, wherein the quantity of a current suppressed by the first current suppressing circuit and the quan- 
tity of a current suppressed by the second cun-ent suppressing circuit are different 

[0010] In stiH another embodiment of the invention, the current suppressing circuit Is provided inside a base for fix- 
ing the first electrode pin and the second electrode pin. 
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[001 1] In sti!l another embodiment of the invention, the fluorescent lamp has a mark for identifying whether the flu- 
orescent lamp is in the first connection state or the second connection state. 

[0012] In another aspect of the invention, a fluorescent lamp includes: a first electrode pin; a second electrode pin; 
filament electrically connected to the first electrode pin and the second electrode pln» a first current suppressing circuit 

5 electrically connected to the first electrode pin; and a second current suppressing circuit electrically connected to the 
second electrode pin, wherein: the quantity of a current suppressed by the first current suppressing circuit and the 
quantity of a current suppressed by the second current suppressing circuit are substantially the same, 
[0013] In one embodiment otthe invention, the first current suppressing circuit and the second cun^ent suppressing 
circuit are provided inside a base for fixing the first electrode pin and the second electrode pin. 

w [0014] In still another aspect of the invention, a fluorescent lamp includes: an arc tube; and a curent suppressing 
section for suppressing a lamp current which flows in the arc tube, after the elapse of a predetemiined time after the 
power Is turned on, and during an operation of the fluorescent lamp. 

[0015] In one embodiment of the invention, the current suppressing section suppresses the lamp current based on 
at least one parameter 

15 [0016] In another embodiment of the invention, the at least one parameter includes one of parameters representing 
time, tenrperature, luminous energy, current, and voltage, 

[0017] In etill another embodiment of the invention, the current suppressing section includes an Impedance varying 
section for varying the impedance of the current suppressing section. 

[0018] In still another embodiment of the invention, the impedance varying section includes a thermosensitive ele- 

2o ment. 

[0019] In still another embodiment of the invention, the current suppressing section includes a phase control sec- 
tion for corvtrolling the quantity of the lamp current corresponding to the phase of the lamp current 
[0020] In still another embodiment of the invention, the phase control section includes a two-way thyristor. 
[0021] In still another embodiment of the invention, a chromattcity coordinate of a light source color of the arc tube 

25 meets the standard of JIS Z9112 'The classification of fluorescent lamps by the light source color and the chromaticfty". 
[0022] In still another embodiment of the invention, the fluorescent lamp efficiency is 80 Im/W or more, 
[0023] Thus, the invention descrfeed herein makes possible the advantage of providing a fluorescent lamp capable 
of easily achieving a reduction of power consumption only by being mounted on a conventional lighting apparatus, 
whether or not the lighting apparatus has a dimming function, 

so [0024] This and other advantages of the present invention will become apparent to those skilled In the art upon 
reading and understanding the following detailed descriptk)n witii reference to the accompanying figures, 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 [0025] 

Figure 1 is a circuit diagram of a fluorescent lamp ignition circuit illustrating the principle of the present invention. 

Figure 2 is a diagram showing a temporal change of a current flowing into the electrodes of a fluorescent lamp at 
4o the time when the fluorescent lamp is started. 

Figure 3A is a diagram showing a current suppressing section 5 connecting a resistor for suppressing the current 
between contact points B and D. 

45 Figure 3B is a diagram showing a temporal change of a current flowing into a fluorescent lamp through a power 
supply-side socket 9 at the time when the ffuorescent lamp is started. 

Figure 4A is a diagram showing a current suppressing section 5 connecting a resistor between the contact points 
B and D, and further connecting a thermistor (PTC thermistor) parallel to the resistor 

so 

Figure 4B Is a diagram showing the temporal change of a current flowing into a fluorescent lamp through the power 
supply-side socket 9 at the time when the fluorescent lamp is started. 

Figure 5A is a diagram showing a current suppressing section 5 connecting a semiconductor relay 12 and a capac- 
55 itor 13 between the contact points B and D. 

Figure 58 is a diagram showing the temporal change of a current flowing into a fluorescent lamp through the power 
supply-side socket 9 at the time when the fluorescent lanrp is started. 
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Rgure 6 is a graph showing ambient temperature characteristics of a combined resistance In the case where a PTC 
thermistor having a Curie point temperature of BO and a resistance value of 10 12, and a resistor having a resist- 
ance value of 75 £1 are connected In parallel, 

5 Rgure 7 is a graph showing a change of the lamp power after a fluorescent lamp Is started. 

Rgure 8 is a graph showing temperature characteristics of the total flux of a fluorescent lamp when the operation 
temperature of the PTC thermistor is changed. 

10 Rgure 9 is a graph showing temperature characteristics of the lamp power flux of afluorescent lamp when the oper- 
ation temperature of the PTC thermistor is changed. 

Rgure 1 0A Is a circuit diagram of a current suppressing section 5 including a PTC thermistor and a current sup- 
pressing resistor 

Rgure 1 0B is a diagram showing an example in which the PTC thermistor and the current suppressing resistor are 
mounted in the lamp base 11. 

Figure 10Cls a diagram showing the exterior of the PTC thermistor. 

20 

Figure 11 is a diagram showing a current suppressing section 5 connecting respective resistors between contact 
points A and C and between contact points B and and further connecting respective thermistors (PTC thermis- 
tor) parallel to these resistors. 

25 Rgure 12 is a diagram showing an example In which the fluorescent lamp has markings showing power modes. 

Rgure 13 Is a diagram showing a current suppressing section employing a two-way thyristor 16 and a resistor 17 
connected between the contact points B and D. 

30 Rgure 14A is a diagram showing the temporal change of the voltage Vp applied to the resistor 17 in a cycle-by- 
cycJe control method, at the time when the fluorescent lamp is started. 

Rgure 148 is a diagram showing the temporal change of the lamp current in the cycle^-cyde control method, at 
the time when the fluorescent lamp is started. 

35 

Rgure 15A Is a diagram showing the temporal change of the voltage Vp applied to the resistor 17 In the cycle-by- 
cycle control method, during the operation of the fluorescent lamp. 

Rgure 1 58 is a diagram showing the temporal change of the lamp current in the cyde-by-cycle control method, dur- 
40 ing the operation of the f luorescertt lamp. 

Rgure 16A is a diagram showing the temporal change of the voltage Vp applied to the resistor 17 In a start sup- 
porting method, at the time when tf^e fluorescent lamp is started. 

45 Rgure 16B is a diagram showing the temporal change of the lamp current in the start supporting method, at the 
time when the fluorescent lamp is started. 

Figure 17A Is a diagram showing the temporal change of the voltage Vp applied to the resistor 17 In the start sup- 
porting method, during the operation of the fluorescent lamp, 

so 

Rgure 178 is a diagram showing the temporal change of tlie lamp cun-ent in the start supporting method, during 

the operation of the fluorescent lamp. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

55 

[0026] The principle of the present invention will now be described with reference to Figure 1 , Figure 1 is a circuit 
diagram of a fluorescent lamp ignition apparatus employing a magnetic ballast and a starter (a glow discharge tube). 
[0027] V\fith reference to Figure 1, a first electrode pin 1 and a second electrode pin 2 are electrically connected to 



4 



BNSDOCIO: <EP lO*4e90A2_l_> 



« 



EP 1 094 690 A2 

a filament 4 in an arc tube 3 via a cun-ent suppressing section 5. The first electrode pin 1 and the second electrode pin 
2 are so configured as to be connectable, respectively, to a starter side socket 10 and a pov/er supply-side socket 9 of 
a fluorescent lamp lighting apparatus. The fluorescent tamp lighting apparatus includes a switch 6, a ballast 7, and a 
starters* 

5 [0028] The current suppressing section 5 suppresses a lamp current flowing in the arc tube 3, after the elapse of a 
predetermined time after the power is turned on, and during operation of the fluorescent lamp. The current suppressing 
section 5 is provided inside a base 11 for fixing the first electrode pin 1 and the second electrode pin 2. 
[0029] As the current suppressing section 5, a variety of types of devices can be used, such as a resistor type 
shown In Figure 3A, a thennosensitive element type shown in Figure 4A, a relay type shown in Figure 5A, and athyr- 

10 istor type shown In Figure 13. In terms of the current suppressing section 5; fluorescent lamps will now be described in 
the fotlowing order: (1) a conventional fluorescent lamp without a current suppressing section; (2) a fluorescent lamp 
emplo^ng a resistor type current suppressing section 5 shown in Rgure 3A; (3) a fluorescent lamp employing a ther- 
mosensitive element type current suppressing section 5 shown in Rgure 4A; (4) a fluorescent lamp employing a relay 
type current suppressing section 5 shown in Figure 5A; and (5) a fluorescent lamp employing a thyristor type current 
suppressing section 5 shown in Figure 13. 

(1 ) A conventional fluorescent lamp >A^hout a current suppressing section. 

[0030] First, the start of a conventional fluorescent lamp without a current suppressing section will be described 
so with reference to Figures 1 and 2. This is the case where the fluorescent lamp in Rgure 1 is inrplemented with contact 
points A and C and contact points B and D each being short-circuited. 

[0031] Rgure 2 is a diagram showing the temporal change of a current which enters the fluorescent lamp via the 
power supply-side socket 9 at the time when the fluorescent lamp is started, When the power switch 6 is turned on, a 
voltage which is close to the supply voltage is applied between bimetallic electrodes in the starters. A glow discharge 

S5 is then created between the bimetallic electrodes in the starter 8 (the glow operation period). This discharge increases 
the temperature of the bimetallic electrodes, whereby the bimetallic electrodes come closer to each other and finally 
contact each other (bimetatllc electrodes ON], When the bimetallic electrodes turn ON, a large current (in the case of 
an FL20 fluorescent lamp, about 700 mA) flows from the power supply-side socket 9 through the second electrode pin 
2, the filament 4, the first electrode pin 1 . starter 8, and a filament 4', whereby the filaments 4 and 4' glow red and an 

30 electron emitting material (i.e., emitter) deposited on the filaments 4 and 4* emits thennions. The glow discharge of the 
starter 8 has already stopped at this moment, whereby the temperature of the bimetallic electrodes gradually decreases 
and the bimetallic electrodes finally turn OFF, At this moment, a voltage higher than the suiiH^ly voltage (i.e., a start volt- 
age) Is applied between the bimetallic electrodes in the starter 8 and between the opposing filaments 4 and 4' In the arc 
tube 3. If the number of the thermions in the vicinity of the filaments 4 and 4* is sufficiently large, a discharge starts in 

35 the arc tube 3 (i.e., the lamp operation is started). At this time, the current Is flowing from the power supply-side socket 
9 through the second electrode pin 2, the filament 4, as the discharge in the arc tube 3, and then through the opposite 
filament 4*. At this time, no current flows in the starter 8» and ^e operation of the starters is ceased. The current flowing 
in the arc tube 3 as a discharge at this point is called a lamp current. In the case of an FL20 fluorescent lamp, the mag- 
nitude of the lamp current is approximately 350 mA. If the preheating of the filaments 4 and 4' is insufficient and the 

40 discharge in the arc tube 3 Is not maintained, a glow discharge ts again started in the starter 8. In this example, rf the 
current flowing in the filaments 4 and 4' is low, or if the ambient temperature is low, the preheating perk>d becomes 
longer due to the lower emission of thennions. This causes the filaments 4 and 4' to wear out, and in turn reduces the 
lamp life. 

45 (2) A fluorescent lamp employing a resistor type light suppressing section 5 shown in Figure 3A. 

[0032] As shown in Figure 3A, In this type of fluorescent lamp, a resistor Is connected between the contact points 
B and D of the current suppressing section, so as to suppress the lamp current 

[0033] Rgure 3B shows the temporal change of a current which enters a fluorescent lamp employing this type of 
50 current suppressing section, through the power supply-side socket 9 (Figure 1) at the time when the lamp is started. 
Since the resistor reduces the entering current, the preheating period of the filament is extended. However, unlike the 
conventional fluorescent lamp in Figure 2, which does not have a cun-ent suppressing section, the cun-ent suppressing 
section 5 suppresses the lamp current after a predetermined time after the power is turned ON (In this case immediately 
after the power is turned ON) and during the operation of the fluorescent lamp, thereby reducing the power consump- 
55 tion. 
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(3) A fluorescent lamp employing a thermosensitlve element type current suppressing section S shown in Figure 4A 

[0034] In this type of current suppressing section 5* a resistor is connected between the contact points B and D, 
and a thermosensitive thermistw (a PTC thermistor) is connected parallel to the resistor The PTC thermistor serves as 

5 means for varying the Impedance of the current suppressing section 5, and suppresses the lamp current by using the 
temperature of the PTC thermistor as a parameter If a sufficient current is not supplied at the time when the lamp is 
started, the preheating period of the filaments of the lamp is extended, which degrades the starting abiiity of the lamp 
and reduces the lamp life. Therefore, In this type of current suppressing section 5. a PTC thermistor limits the current 
suppressing function of the current suppressing circuft (in this case, a resistor) from the time when the power is ON until 

10 the time when the lamp starts operating. After the lamp starts operating, the cunrent suppressing circuit Is acth/ated so 
as to suppress the power consumption of the fluorescent lamp, 

[0035] Figure 6 is a graph showing the ambient temperature charaderistlcs of a combined resistance obtained by 
connecting In parallel a PTC thermistor having a Curie point temperature of 80''C and a resistance value of 5 Si, and a 
resistor having a resistance value of 75 £1 The Curie point temperature is a temperature at which the resistance of a 

15 substance becomes double the resistance at 25"C. A circuit configured m this combination may be incorporated Into 
the base 11 of a fluorescent lamp FL20SSW/18 as shown in Figure 1 , When the lamp is started, the temperature inside 
the base 1 1 is less than 80*'C, and therefore the lamp is ignited in a condition where a resister having a resistance value 
of about BQ.is inserted between the filament 4 and the second electrode pin 2, i.e. In a condition where substantially 
no current suppression occurs. Rgure 4B shows a temporal change of the current which enters the fluorescent lamp 

30 through the power suppfy-side soclcet 9 at the time when the lamp is started. As Is apparent from Figure 4B, since the 
filament is preheated with a current which is substantially the same as that when the current is not suppressed, the pre- 
heating period is as short as that in the conventional example and the lamp can be ignited without much wear-out of the 
filament 

[0036] As the discharge in the arc tube 3 stabilizes after the lamp is ignUed, heat is generated by the lamp dis- 
ss charge and the current flowing in the PTC thermistor and the resistor. Since the PTC thermistor is sealed in the base 
11, the heat increases the temperature of the PTC thermistor, thereby increasing the resistance value of the PTC ther- 
mistor. This causes the lamp current to be supplied through the resistor to the arc tube 3, wheretiy the lamp operates 
in a condition where the lamp power is suppressed. 

[0037] Figure 7 is a graph showing a change of the lamp power after the fluorescent lamp is started. As shown in 
30 Figure 7, approximately three minutes after the lamp is started, the temperature of the PTC themiistor in the base 11 
exceeds the Curie point, whereby the lamp current flows through the resistor The lamp power ^ys at a constant value 
of about 14.5 W including the power consumption of the current suppressing resistor. This means that a fluorescent 
lamp with a lamp power of 1 8 W is actually operated with a lamp power of 14,6 W {the value including the power con- 
sumption of the current suppressing resistor). 
3S [0038] When a magnetic ballast is used, a reduction of the lamp cunrent also leads to the reduction of the copper 
loss of the balfast. Therefore, according to the present invention, the power consumption including the power loss of the 
ballast Is suppressed at 1 7.2 W as opposed to 21 .3 W in the conventional example. The suppressed power consump- 
tion can be varied as desired by changing the resistance value of the resistor If the lamp is started immediately after it 
is turned off, the lamp is bound to be started in a condition where the temperature of the PTC thermistor is high. In such 
40 a case, however, the temperature of the fluorescent lamp itself is sufficiently high and the pressure of the mercury vapor 
inside the lamp is also sufficiently high, and therefore the preheating period of the filament is short and the starting abil- 
ity is not reduced. 

[0039] According to the present example, even if the fluorescent lamp is started when at a low temperature, the 
operation of the lamp does not lapse by the suppression of the current supplied to the lamp. This is because the tem- 

45 perature of the PTC thermistor does not increase until the discharge in the lamp stabilizes. Furthermore, by selecting 
tlie Curie point temperature of the PTC thermistor, the operating condition of the lamp is easily changed. For example, 
by limiting the operation of the PTC thermistor at 5**C or less so as not to suppress the cun^nt supplied to the tamp, the 
lamp can be normally operated at 5°C or less. On the other hand, the lamp can be operated with a reduced power at 
more than S'^C. Therefore, it is effective in overcoming a decrease of luminous flux at a low temperature, which is inher- 

50 ent to fluorescent tamps. As an exanrtple, the thermal characteristics of the total flux of a fluorescent lamp are compared 
in Rgure 8 by varying the operation temperature of the PTC thermistors. Figure 9 is a graph showing temperature char- 
acteristics of the lamp power of the lamp in Figure 8. Figure 8 shows the characteristics normalized by the total flux at 
an ambient temperature of 25'*C. Curve A in the graph represents the lamp having a PTC thermistor whose tempera- 
ture does not exceed the Curie point at an ambient temperature of or less, and Curve B represents the lamp having 

55 a PTC thermistor whose temperature does not exceed the Curie point at an ambient tenrpenature of 20^ or less. In 
both cases, the change of the total flux with regard to the ambient temperature is smaller than that of the normal 
FL20SSW/18 lamp. The thermal characteristics may be changed depending on the selected PTC thermistor. As shown 
in Figure 9, at a low temperature, the lamp power of the conventional fluorescent lamp also decreases as the amb'^nt 
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temperature decreases. Therefore, the power consumption is sufficiently small even if the PTC thenmistor does not 
operate, 

[0040] A^hough the example in Figure 4A uses a resistor as the element which directly suppresses the lamp cur- 
rentp note that a capacitor or a coll (inductor), or an element combining these can also be used. 

5 

(4) A fluorescent lamp employing a relay type current suppressing section 5 shown in Figure 5 A 

[0041] As shown in Figure 5A, according to this example, a cun^ent suppressing circuit including a semiconductor 
relay 12 and a capacitor 13 is connected between the contact point B and D of the current suppressing section 5, This 

10 type of current suppressing section 5 Includes means for varying the impedance of the current suppressing section 5 
and suppresses the lamp current based on the current flowing in the current suppressing section 5 as a parameter. 
[0042] With reference to Figure 5A, the capacitor 1 3 is connected between the contact points B and D of the current 
suppressing section 5, and the relay points of the semiconductor relay 12 are connected parallel to the capacitor 13 so 
as to be able to short-circuit between the contact points B and D. A resistor 14 and a diode 15 are connected between 

15 the contact points A and C so as to dele<^ the current flowing in the starter 8 (Figure 1) at the time when the lamp is 
started. The detected current Is converted Into a voltage signal which is used as a driving signal for the semiconductor 
relay 12. With this configuration, when the lamp is started, the relay contacts are short-circuited by the current flowing 
In the starter 8, whereby the lamp current does not pass through the current suppressing circuit (in this case, the capac- 
itor 13). Therefore, the lamp current is directly supplied to the lamp without suppression, and the lamp is easily started. 

20 After the start, the lamp voltage decreases to the discharge-starting voltage of the starter or below, so that a current 
does not flow in the starter 8. This terminates the driving signal for the semiconductor relay 12, thereby opening the 
relay contacts, and the lamp current is supplied through the current suppressing circuit Accordingly, the lamp operates 
in a condition where the power consumption Is suppressed. Since the driving signal for an semiconductor relay e.g., a 
solid state relay, should usually be a direct current, the negative component of the alternating current flowing in the 

25 starter 8 Is cut by the diode 15, and then the voltage is converted by the resistor 14 so as to drive the semiconductor 
relay 12. In this state, the relay points are closed responsive only to the positive-side half wave of the alternating lamp 
current In order to make the relay points closed responsive to the total wave of the alternating lamp current while the 
current is flowing in the resistor 14, i.e., while the current is flowing in the starters, an semiconductor relay is used which 
has a function of delaying the relay contact recovery by 1 6,7 m sec. or more to the driving signal. This is also achieved 

30 by smoothing the driving voltage wavefomri by means of connecting the capacitor In parallel to the diode. 

[0043] Figure 5B shows a temporal change of the cun^ent which enters the fluorescent lamp through the power sup- 
ply-side socket 9 at the time when the lamp is started. According to the present method, the relay points of the semi- 
conductor relay 12 are ON during the preheating of the filaments 4 and 4*, whereby the filaments 4 and 4* are preheated 
with the current similar to that when the current is not suppressed. Therefore, the preheating time is as short as in the 

35 conventional example, and thus the lamp is ignited without much wear-out of the filaments. When the current stops flow- 
ing Into the starter 8 after the lamp starts operating, the lamp oun^ent immediately starts flowing into the capacitor 13 so 
as to immediately set the fluorescent lamp in a reduced power operation. 

[0044] Although the example shown in Figure 5A uses a capacitor for an element which directly suppresses the 
lamp current, note that a resistor or a coil (inductor), or an element combining these can also be used. 

40 

(5) A fluorescent lamp employing a thyristor type current suppressing section 5 shown in Figure 13, 

[0045] According to this type of current suppressing section 5, a cujrent suppressing circuit including a two-way thy- 
ristor 16 (also referred to as a bipolar two-way two-terminal thyristor, or an SSS (Silicon Symmetrical Switch) element) 

45 and a resistor 17 is connected between the contact points B and D of the current suppressing section 5, This type of 
current suppressing section 5 includes means for suppressing the quantity of the lamp current corresponding to the 
phase of the lamp current, i.e., the lamp current Is suppressed based on the phase of the lamp current as a parameter 
This type of current suppressing section 5 can be implemented either in a 20 W fluorescent lamp (FL20 fluorescent 
lamp) or a 40 W fluorescent lamp (FL40 fluorescent tamp). 

so [0046] With reference to Figure 13» a resistor 17 is connected between the contact points B and D of the current 
suppressing section 5, and the two-way thyristor 16 Is connected parallel to the resistor 17. 

[0047] As methods for operating this type of current suppressing section 5, both a cycle-by-cycle control method 
and a start supporting method are usable. The cycle-by-cycle control method employs a two-way thyristor 16 which 
meets the condition Vbo < Vp2 < Vpi, The start supporting method employs a two-way thyristor 16 which meets the 
55 condition Vp2 < Vqo < ^p^^ Here, Vqq represents a breakover voltage of the two-way thyristor 16, Vp^ represents a 
peak voltage applied to the resistor 17 at the time when the fluorescent lamp is started, and Vp2 represents a peak volt- 
age applied to the resistor 17 during the operation of the fluorescent lamp. The peak voltages Vp^ and Vp^ are deter- 
mined in temis erf the resistance value of the resistor 1 7. 
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[0048] The cycle-by-cycle control method will now be descnbed with reference to Rgunes 14A, 14B, 15A and 15B, 
Figure 14A shows the temporal change of the voltage Vr applied to the resistor 17 at the time when the fluorescent 
lamp employing a cycle-by-cycle control method is started. Figure 15A shows the temporal change of the voltage Vr 
applied to the resistor17 during the operation of the fluorescent lamp employing a cycle-by-cycle control nriethod. 
5 [0049] In Figure 14A and 15A, the dashed lines each represent a comparison data which shows the temporal 
change of the voltage Vr applied to the resistor 17 in the case where the two-way thyristor 16 is not connected. If the 
twO'Way thyristor 16 is not connected, the voltage applied to the resistor 17 changes cyclically as time elapses. As 
shown In Figure 14A, Vgo < Vpi. ^ shown in Figure 15A, Vgo < Vp2- 

[0050] When the voltage Vp exceeds the breakover voltage Vqq of the two-way thyristor 16, the two-way thyristor 
10 16 turns on so as to short-circuit both ends of the resistor 17. As a result, the voltage Vp becomes zero. When the polar- 
ity of the voltage Vr changes, the two-way thyristor 16 turns off, 

[0051] Accordingly, the two-way thyristor 16 repeats turning on and turning off corresponding to the cycle of the 
supply voltage. This makes it possible to control the lamp cun-ent corresponding to the phase of the lamp current. 
[0052] At the time when the fluorescent lamp is started, the voltage applied to the resistor 1 7 is approximately twice 
15 the vortage applied during the operation of the fluorescent lamp. Therefore, the phase control of the starting current dur- 
ing the glow operation is small and the starting ability of the fluorescent lamp Is not reduced. 

[0053] Rgure 1 4B shows the temporal change of the lamp cunrent at the time when the fluorescent lamp employing 
a cycle-by-cyde control method Is started. At the time when the fluorescent lamp Is started, no lamp current flows in the 
lamp since the starter 8 Is operating. 

20 [0054] In Figure 15B, the solid line represents the temporal change of the lamp current during the operation of the 
fluorescent lamp employing a cycle-by-cycle control method. The dashed line Is a comparison data showing the lamp 
cun-ent according to the conventional example without a current suppressing section 5. As can be seen from Figure 
15B, the two-way thyristor 16 reduces the l^p current during the operation of the fluorescent lamp, 
[0055] A start supporting method will now be described with reference to Figures 16A. 168. 17A. and 1 7B. 

2$ [0056] In Figure 16A, the solid line represents the temporal change of voltage Vp applied to the resistor 17 at the 
time when the fluorescent lamp employing a start supporting method is started. In Figure 1 7A, the solid line represents 
the temporal change of voltage Vpj applied to the resistor 17 during the operation of a fluorescent lamp employing the 
start supporting method, 

[0057] The operation of the thyristor 1 6 at the time when the fluorescent lamp is started according to the start sup- 
30 porting method Is the same as that according to the cycle-by-cycle control method. As described above, the two-way 
thyristor 16 turns on at the time when the fluorescent lamp is started, whereby the start of the fluorescent lamp Is facil- 
itated. 

[0058] The operation of the thyristor 16 during the operation of the fluorescent lamp according to the start support- 
ing method is different from that according to the cycle-by-cycle control method. According to the start supporting 
35 method, a relationship IVpl < IVqo' is established and therefore the two-way thyristor 16 does not f^erate during the 
operation of the fluorescent lamp. 

[0059] Rgure 16B shows the temporal change of the lamp current at the time when a fluorescent lamp employing 
a start supporting method Is started. At the time when the fluorescent lamp is started, no lamp current flows In the lamp 
since the starter 8 is operating, 

40 [0060] In Rgure 17B, the solid line represents the temporal change of the lamp current during the operation of the 
fluorescent lamp employing the start supporting method. The dashed fine represents a comparison data showing the 
lamp current according to the conventional example without a current suppressing section 5. According to the thyristor 
type current suppressing section 5, the temporal change of the current entering the fluorescent lamp through the power 
supply-side socket 9 at the time when the fluorescent lamp is started is the same as the temporal change of the current 

45 shown in Figure SB (I.e., the temporal change of the current in the relay type). 

[0061] According to the example shown In Figure 13, the resistor 17 is used as the element connected in parallel 
to the two-way thyristor 16. It is preferable to use a resistor since the size of resistors can easily be reduced so as to be 
easily housed in the base 11 (see Figure 1), Moreover, resistors are highly heat resistant. 

[0062] As the element connected in parallel to the two-way thyristor 16, elements other than a resistor can also be 
50 used. Such elements are, for example, a capacitor, a coll (Inductor), or an element combining these. For example. In tiie 
case where a capacitor is used as the element connected In parallel to the two-way thyristor 1 6, an LC resonance circuit 
is formed by the capacitor and an inductor of the ballast 7 (see Figure 1). The LC resonance circuit makes it possible 
to apply a higher voltage to both ends of the two-way thyristor 1 6. As a result, it is possible to provkle the two-way thy- 
ristor 16, which has a higher breakover voltage V^o- 
55 [0063] In the case where a capacitor is used as the element connected in parallel to the two-way thyristor 16, it is 
preferable to connect a resistor in series to the two-way thyristor 16 so as to prevent an overcurrent from flowing in the 
thyristor 16. The capacitor is preferably connected in parallel to the serial circuit of the two-way thyristor 16 and the 
resistor This configuration prevents a discharge current from the capadtor from flowing instantaneously Into the two- 
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way thyristor 16 when the two-way thyristor 16 turns on. Therefore the two-way thyristor 16 is protected from the dis- 
charge current, 

[0064] In the examples described above, the current suppressing section 5 suppresses the lamp current based on 
the temperature or the cun-ent as a parameter. Note, however, the type of the parameter Is not limited to the temperature 
5 or the current The current suppressing section 5 can be configured so as to suppress the lamp current based on at 
least one parameter. Such parameters include, for example, time, temperature, luminous energy, current, and voltage. 

(A method tor mounting a current sippresslng section 5) 

10 [0065] A method for mounting a cun-ent suppressing section 5 according to the present invention will now be 
described. For the current suppressing section 5, the thermosensltlve element type described above Is used. 
[0066] Rgure 1 0A Is a circuit diagram of a current suppressing section 5 Including a PTC thermistor and a resistor 
for suppressing a current Figure 1 0B shows an example In which the PTC thermistor and the resistor for suppressing 
a current are mounted in the base 11 of the lamp. Figure 10C shows an outer diameter and a tiilokness of the PTCther- 

15 mistor. 

[0067] For the PTC thermistor, PTH8L power thermistor (Posistor) made by Murata Manufacturing Co., Ltd, can be 
used. This tiiermlstor has a resistance of 5 £1 at 25 ^C, and a Curie temperature of 80 ''C. The power thermistor is an 
element with a disk-like shape having an outer dimeter of 7 mm and a thk^kness of 4 mm, as shown In Figure 10C. The 
resistor for suppressing the lamp current has a resistance value of about 70 £X 

20 [O068] According to the example shown in Figure 10B, in view of a power consumption at a lamp current of 200 mA 
being about 3 W, and the space inside the base 11 , two resistors with a power of 2 W and a resistance value of 150 n 
are connected In parallel (the combined power is 4 W). However, the current suppressing section 5 of the type shown 
in Figure 3Aor5A described above, or the type shown in Rgure 11 described later may also be mounted in the base 11. 
[0069] Although the example of mounting the current suppressing section 5 in the base 11 is shown, it may be 

25 sealed in the arc tube 3. 

[0070] Alternatively, the current suppressing section 5 may be configured as a separate device* i.e., an adapter, by 
installing the current suppressing section 5 between the lamp electrode and the electrode socket of the lighting appa- 
ratus. The electronic components used for the current suppressing section 5 have longer lives than the lamp itself. 
Accordingly, only the lamp can be replaced when the life of the lamp is about to expire. Therefore, the cost of replacing 
30 the fluorescent lamp is reduced. 

(Methods for connecting the fluorescent lamp) 

[0071] Methods for connecting the fluorescent lamp according to the present invention will now be described. In the 
35 case where the thermosensitive element type current suppressing section 5 shown in Figure 4A is used, the fluorescent 
lamp can be operated in a different mode by inverting the connection of the first electrode pin 1 and the second elec- 
trode pin 2 to the power supply-side socket 9 and the starter-side socket 10. In other vMsrds, when the first electrode pin 
1 1s connected to the power supply-side socket 9 and the second electrode pin 2 is connected to the starter-side socket 
^Q, which is a first connection state, the fluorescent lamp operates in a first power mode, in which the fluorescent lamp 
40 consumes a first power. When the first electrode pin 1 is connected to the starter-side socket 10 and the second elec- 
trode pin 2 Is connected to the power supply-side socket 9, which is a second connection state, the fluorescent lamp 
operates in a second power mode, In which the fluorescent lamp consumes a second power which is lower than the first 
power 

[0072] The above example which employs a thermosensitive element type current suppressing section 5 will now 
45 be described in more detail. The connection state shown in Figure 1 is the second power mode. When the fluorescent 
lamp is operated in this mode, the lamp power will be 14.5 W, The same fluorescent lamp can be operated in the first 
power mode when the first electrode pin 1 is connected to the power supply-side socket 9 and the second electrode pin 
2 is connected to the starter-side socket 10. In this mode, the resistor for suppressing the lamp current is connected 
between the contact points A and C> and the thermosensitive thermistor (PTC thermistor) Is connected in parallel to the 
50 resistor. At the time when the fluorescent lamp is started, the temperature of the PTC thermistor is low, and therefore 
the sufficient preheating current flows in the filament 4, thereby the fluorescent lamp is easily started. When the lamp 
starts operating, the operation power is 1 8 W since the lamp current Is not suppressed. As described above, according 
to the fluorescent lamp of the present invention, the user can select two different power modes, i.e., a mode with a lamp 
power of 1 4,5 W and a mode with a lamp power of 1 B W, by changing the connection between the fluorescent lamp and 
55 the lighting apparatus. For example, in case of a straight tube fluorescent lamp, the power mode can be selected 
depending on wtiether or not the lamp is attached to the fluorescent lamp lighting apparatus by tuming the lamp by 1 80*" 
around the lamp axis, 

[0073} Another fluorescent lamp will now be described with reference to Figure 1 1 Jn whk:h the current suppressing 
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section 5 Includes a first current suppressing circuit connected to the first electrode pin 1 and a second current sup- 
pressing circuit connected to the second electrode pin 2. 

[0074] As shown in Figure 11 , a first resistor R1 is connected between the contact points B and D. and a first ther- 
nr^osensitlve thermistor PTC1 is connected in parallel to the first resistor R1, Asecond resistor R2 Is connected between 
5 the contact points A and C, and a second thennosensrtive themnistor PTC2 Is connected in parallel to the second resis- 
tor R2. The first resistor R1 fornns a first current suppressing circuit, and the second resistor R2 forms a second current 
suppressing circuit. 

[0075] When the fluorescent lamp is attached so as to connect the first electrode pin 1 to the power supply^ide 
socket 9, the fluorescent lamp is started in the first power mode determined by the current suppression by the resistor 

10 R2. When the fluorescent lamp is attached so as to connect the second electrode pin 2 to the power supply-side socket 
9, the fluorescent lamp is started in the second power mode determined by the current suppression by the resistor R1, 
If R1 is not equal to R2, the quantity of the current suppressed by the first current suppressing circuit and ttie quantity 
of the current suppressed by the second current suppressing circuit are different. Accordingly, a user can select a power 
mode by selecting the method for attaching the lamp. Furthermore, if the Curie points (operating temperatures) of the 

T5 PTC1 and PTC2 are differentiated, the temperature characteristics of the total ftux will also be selectable. 

[0076] In the configuration of Figure 11, if R1 and R2 are set equal and the same type of element is used for PTCI 
and PTC2, the quantity of the current suppressed by the first current suppressing circuit and the quantity of the current 
suppressed by the second current suppressing circuit become substantially the same. In this case, the same power 
mode is always achieved whetherthe first electrode pin 1 Is connected to the power supply-side socket 9 or the starter- 

20 side socket 1 0. Therefore, the lamp can be operated in the same power mode whether or not a user inverts the connec- 
tion of the first electrode pin 1 and the second electrode pin 2 to the power supply-side socket 9 and the starter-side 
socket 10, 

(Markings of the fluorescent lamp) 

25 

[0077] Markings of the fluorescent lamp according to the present invention will now be described. The fluorescent 
lamp may be labeled with marks which distinguish the power modes descr'rised above. Figure 12 shows the case where 
the first power mode is 18 W and the second power mode is 15 W. When the fluorescent lamp is attached to the lighting 
apparatus, the marks appear in the front side of the apparatus so as to represent the power mode currently in operation. 
30 According to the present example, the arc tube 3 bear letters as shown In Figure 12, and the base 11 has arrows show- 
ing the position of the second electrode pin 2 shown in Figure 1. The base 11 includes in its interior one of the cun^ent 
suppressing sections 5 described alx>ve. 

[0078] By making use of these marks when attaching the fluorescent lamp to ^e lighting apparatus, the desired 
power mode may be unmistakably selected at a glance. 
35 [0079] Although the marking is applied on both the arc tube 3 and the base 11 in the example shown in Figure 12, 
the nnarking can be applied on only one of the arc tube 3 and the base 11, 

(A fluorescent material used for the fluorescent lamp) 

40 [0080] A fluorescent material used for the fluorescent lamp according to the present invention will now be 
described, JIS (Japan Industrial Standard) Z91 1 Z 'The classification of fluorescent lamps by the light source color and 
the chronoaticity*' provides a standard which defines the chromatlclty range of fluorescent lamps for general purposes. 
According to this standard, white light fluorescent lamps using a calcium halophosphate fluorescent material have been 
widely used for lighting the public spaces of conventional multi-unit housings, streets, factories, and warehouses. The 

45 lamp efficiency of these lamps, which mainly employ a calcium halophosphate fluorescent material, is in the range of 
70 to 80 InVW. If the aforementioned light suppressing section 5 is incorporated in the fluorescent lamps having these 
light cok>rs, the lamp efflciency does not change, and therefore the total ftux of the lamp decreases by 20% as the tamp 
power decreases by about 20%. Accordingly, a reduction of the power consumption Is achieved only by attaching this 
kind of fluore scent lamps, whereas the conventional lamps require a partial operation. 

so [0081] Furthermore, by using a fluorescent tamp which* based on categorical color perception theory, is applied 
with a fluorescent material limiting the color rendering property of the lamp to a moderate degree while increasing the 
luminous efficiency, a 20 to 30% increase of the total ffux can be achieved with the same lamp power (see Simizu. et 
aL, "Two-Band Type Fluorescent Lamp", National Technical Report, Vol. 43, No, 2. pp. 174-180, (1997)). Such a fluo- 
rescent lamp can achieve a lamp effk^iency of 80 Im/W or more, by applying a fluorescent material, based on the cate- 

55 goncat color perception theory as described above. The subject matter of the above publication is incorporated herein 
by reference for this teaching. By combining this kind of fluorescent iamp with the current suppressing section S 
described above, the lamp power is reduced by 20% or more In comparison with the conventional example as well as 
maintaining the total flux equal to or greater than that in the conventional example. Therefore, a reductk>n of the power 



10 



BNSDOCID: <EP 10»«690A2_L> 



EP1 094 690 A2 



consumption In lighting is achieved only by attaching the fluorescent lamp of the present invention to a conventional flu- 
orescent lamp lighting apparatus and without ruining the lighting conditions such as brightness and light distribution. 
[0082] For example, If an FL20 fluorescent Tamp attached to a fluorescent lamp lighting apparatus for 20 W power 
is operated by a power of 20 W, the total flux can be Increased by 20 to 30% in comparison with the conv^tional exam- 
5 pie. By utilizing such an advantage, the present Invention can provide a fluorescent lamp which has the same total flux 
as a conventional white light fluorescent lamp of the same power standard, while still suppressing the power by 20 to 
30% compared to the conventional example, and which is capable of being started by a conventional lighting apparatus 
with a magnetic ballast, 

[0083] Table 1 shows photoelectric characteristics of an FL20SSW/1 8 fluorescent lamp started by supplying the 
10 power through each embodiment of the current suppressing section 5 embodiments described above. 
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55 [0084] For examplCp the thermosensitive element type current suppressing section 5 shown In Figure 4A Includes 
in its Interior a PTC thermistor and a resistor, of which the resistor contributes to the suppression of the power consump- 
tion of the fluorescent lamp. Similarly, the resistor type cunrent suppressing section 5 shown in Figure 3A includes In its 
Interior only a resistor, and the resistor contributes to the suppression of the power consumption of the fluorescent lamp- 
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In Table 1 , the lamp power for the fluorescent lamp ennbodiment with a resistor type current suppressing section 5 does 
not include the power consumption of the resistor itself (about 2 W), With the power consumption of the resistor 
included, the lamp power for the fluorescent l^p embodiment with a resistor type current suppressing section 5 will be 
14.5 W. 

5 [0085] In view of the "system power column of Table 1, it is understood that, by using each of the current suppress- 
ing section 5 embodiments described in the preferred examples of the present invention, the power consumption is 
reduced in comparison with the conventional example (i.e., no current suppressing section is implemented). 
[0086] in the "cost" column of the Table 1 , "®" represents the lowest cost, "O" represents the second lowest cost, 
and "X** represents that the cost is the highest. 

10 [0087] In the "ease of the mounting" column of the Table 1 , "O" represents that the current suppressing section 5 
can be housed In the base of both a fluorescent lamp for a power of 20 W {FL20 fluorescent lamp) and a fluorescent 
lamp for a power of 40 W (FL40 fluorescent lamp), "a* represents that the current suppressing section 5 can be housed 
In the base of a fluorescent lamp for a pcywer of 40 W (FL40 fluorescent lamp) but not of a fluorescent lamp for a power 
of 20 W (FL20 fluorescent lamp). "X" represents that the current suppressing section 5 can be housed in the base of 

IS neither e fluorescent lamp for a power of 20 W (FL20 fluorescent lamp) nor a fluorescent lamp for a power of 40 W 
(FL40 fluorescent lamp). 

[0088] In consideration of the "cost" and the "ease of the mounting", the thermosensitive element type and the thy- 
ristortype (cycle-by-cycle control method) current suppressing section 5 are excellent 

[0089] When the capacitor is used, the effect on reducing the system power is great. Since a capacitor having a low 
20 voltage tolerance can be used for the cycle-by-cycle control method, the size of the current suppressing section 5 can 
be reduced. Although not shown in Table 1 , regarding the fluctuation characteristics of the supply voltage, the thyristor 
type (start supporting method), in which a two-way thyristor and a capacitor are connected in parallel, and the relay type 
current suppressing sections 5 are excellent. 

[0090) As Is apparent from the above description, according to a fluorescent lannp of the present invention, the flu- 
2S orescent lamp can be operated in a different mode by inverting the connection of the first electrode pin and the second 
electrode pin to the power supply-side socket and the starter-side socket 

[0091] According to the present invention, a fluorescent lamp having a mark for identifying whether the fluorescent 
lamp is In the first connection state or the second connection state. Therefore, a user can select the desired power 
mode unmistakably at a glance, by utilizing the markings applied on the fluorescent lamp when attaching the fluores- 
30 cent lamp to the lighting apparatus, 

[0092] Furthermore, the fluorescent lamp can be operated in the same power mode even when a user inverts the 
connection of the first electrode pin and the second electrode pin to the power supply-side socket and the starter-side 
socket. 

[0093] Furthermore, a current suppressing section suppresses the lamp current flowing in the arc tube, after the 
35 elapse of a predetermined time after the power is on, and during an operation of the fluorescent lamp» thereby reducing 
the power consimptlon of the lamp. 

[0094) Various other modifications will be apparent to and can be readily made by those skilled In the art without 
departing from the scope and spirit of this Invention. Accordingly, it is not intended that the scope of the claims 
appended hereto be suppressed to the description as set forth herein, but rather that the claims be broadly construed. 

Claims 

1 . A fluorescent lamp, connprislng: 

45 a first electrode pin; 

a second electrode pin; and 

a filament electrically connected to the first electrode pin and the second electrode pin, wherein: the first elec^ 
trode pin and the second electrode pin are configured so as to be respectively connectable to a power supply- 
side socket and a starter-side socket of a lighting apparatus, 

so when the fluorescent lamp is in a first connection state, in which the first electrode pin is connected to the 

power supply-side socket and the second electrode pin is connected to the starter-side socket, the fluorescent 
lamp operates in a flrst power mode, in which the fluorescent lamp consunrtes a first power: and 
when the fluorescent lamp is in a second connection state, the first electrode pin is connected to the starter- 
side socket and the second electrode pin is connected to the power supply-side socket, the fluorescent lamp 

55 operates in a second power mode, in which the fluorescent lamp consumes a second power which is lower 

than the flrst power. 

2. A fluorescent lamp according to claim 1 , further comprising a current suppressing circuit electrkally connected to 



13 



BMSDOCIO: <EP 10$4e90A2Jw> 



EP 1 094 690 A2 



one of the first efectrode pin and the second electrode pin. 

3. A fluorescent lannp according to claim 1 , further' conr^prising a first current suppressing circuit electrically connected 
to the first electrode pin and a second current suppressing circuit electrically connected to the second electrode 

5 pin, wherem the quantity of a current suppressed by the first current suppressing circuit and the quantity of a cur- 

rent suppressed by the second current suppressing circuit are different 

4. A fluorescent lamp according to claim 2, wherein the current suppressing circuit is provided inside a base for fixing 
the first electrode pin and the second electrode pin. 

70 

5. A fluorescent famp according to claim 1 , wherein the fluorescent lamp has a mark for identifying whether the fluo- 
rescent lamp is In the first connection state or the second connection state, 

6« A fluorescent lamp, comprising: 

a first electrode pin; 
a second electrode pin; 

a filament electrically connected to the first electrode pin and the second electrode pin^ 
a first current suppressing circuit electrically connected to the first electrode pin; and 
20 a second cun-ent suppressing circuit electrically connected to the second electrode pin, wherein: the quantity 

of a current suppressed by the first current suppressing circuit and the quantity of a current suppressed by the 
second current suppressing drcuit are substantially the same. 

7. A fluorescent lamp according to daim 6, wherein the first cun^ent suppressing circuit and the second current sup- 
25 pressing circuit are provided Inside a base for fixing the first electrode pin and the second electrode pin. 

8. A fluorescent lamp, comprising: 

an arc tube; 

30 and a cunrent suppressing section for suppressing a lamp current which flows in the arc tube, after the ^apse 

of a predetermined time after the power is turned on, and during an operation of the fluorescent lamp, 

9. A fluorescent lamp according to claim 8, wherein the current suppressing section suppresses the lamp cun-ent 
based on at least one parameter. 

35 

10. A fluorescent lamp according to claim 9, wherein the at least one parameter ccmriprlses one of parameters repre- 
senting time, temperature, luminous energy, cument, and vottage. 

11 . A fluorescent lamp according to claim 8, wherein the current suppressing section comprises an impedance varying 
40 section for varying the impedance of the current suppressing section. 

12. A fluorescent lamp acoorcfing to claim 11, wherein the Impedance varying section comprises a thermosensltlve ele- 
ment 

4S 13. A fluorescent lamp according to cEaim 8, wherein the current suppressing section comprises a phase control sec- 
tion for controlling the quantity of the lannp current corresponding to the phase of the lamp current 

14. A fluorescent lamp Eiocordlng to daim 13, wherein the phase control section comprises a two-way thyristor 

so 15. A fluorescent lamp according to claim 8. wherein a chromaticHy coordinate of a light source color of the arc tube 
meets the standard of JIS Z91 12 "The classification of fluorescent lamps by the light source color and the chroma* 
ticity*. 

16. A fluorescent lamp according to claim 8, wherein the fluorescent lamp efficiency is 80 InrvW or more. 

SB 
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FIG. 6 
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(54) Fluorescent lamp 

(57) A fluorescent lamp is capable of easily achiev- 
ing a reduction of power consumption only by being 
mounted on a conventional lighting apparatus, whether 
or not the lighting apparatus has a dimming function. 



The fluorescent lamp Includes an arc tube; and a current 
suppressing section for suppressing a lamp current 
which flows in the arc tube, after the elapse of a prede- 
termined time after the power is turned on, and during 
an operation of the fluorescent lamp. 
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